This article analyzes how native forests have been unsustainably used or chopped down in Brazil since 1930 and the relationship between these processes and the Brazilian economic growth. Two hypotheses are proposed to explain what has happened in Brazil. The first one is that the destruction of Brazilian native forests and the unsustainable use of the remaining native forests have always been linked to the developmental policies adopted in Brazil. These policies, in their turn, have been based on the main economic models in vogue each period of time. The second hypothesis is that, even recognizing the ineffectiveness of only adopting policies to regulate and control deforestation, policy-makers have only broadened and make more restrictive this type of policy over time (through the forest legislation), without creating meaningful monetary incentives to preserve and/or conserve forest resources. The two hypotheses have been proved along the paper as it discusses the importance of forests to a nation and emphasizes that Brazil is destroying them on a large scale, but in different intensities among the Brazilian states. Finally, the paper discusses some policies that would allow the rational use of native forests in Brazil without hindering the growth of other economic activities and considering the Brazilian states differences.
-Introduction
This paper aims to analyze the unsustainable use or the chopping down of native forests in Brazil and how these processes are associated with the Brazilian economic growth. For this purpose, the article focuses these issues during the time period from 1930 through 2011.
The use of native forests in Brazil is regulated by forest policy, what is implemented through a series of acts intended to control the deforestation process, regulate the sustainable use of the remaining native forests and to encourage reforestation. Brazil's forest policy has been systematic since 1934, when the first forest code came into effect and was strengthened in the 1960s and the 1990s, when new amendments to the forest policy were issued and specific legislation concerning the use of water resources and environmental crime in connection with forest legislation came into effect. Together, the three above legislation have created a complex lawful Paper to be presented at the 51 st European Congress of the Regional Science Association International (ERSA2011), to be held at Barcelona, Spain, from August 30 th to September 3 rd , 2011 framework that, in principle, would control deforestation in Brazil if all the aforementioned legislation were obeyed in full. However, deforestation has taken place in different paces among the Brazilian states, without respecting forest legislation.
The forest policy for the control of deforestation is classified as an incomes policy, which is constituted in a series of regulations that restrict the production and trade of products and the use of factors of production and/or establish minimum and maximum prices for the use of these factors or products generated in an economy. Other examples of incomes policies are: labor legislation, defining rules for the use of the workforce and wages; zoning policies for the use of land, defining what share of a physical territory can be used and how it can be used; and price-setting policies (such as price freezing plans). An incomes policy is established by legislation that defines what, when and how something can be done.
The goal of the forest policy is not to eliminate totally the deforestation in Brazil, but rather to control it. Nevertheless, this policy has not been satisfactorily complied with, and deforestation has reached high paces in some Brazilian states than would have been the case had the legislation been fully obeyed. For this reason, this paper seeks to demonstrate that the forest policy to control deforestation has only been partially effective and explain the causes of its failure.
The study suggests two hypotheses to explain the partial ineffectiveness of the forest policy in Brazil 1 : 1 st hypothesis) the destruction of forest resources in Brazil and the unsustainable use of the remaining native forests have always been connected with the developmental policies in course in the county which, in turn, have been based on the main macroeconomic models in vogue each time among the Brazilian police makers.
2 nd hypothesis) even with the ineffectiveness of measures to control and regulate deforestation, those responsible for defining the forest policy have continued to issue increasingly detailed and restrictive legislation without creating significant monetary stimulus that make the preservation and conservation of native forest a profitable and competitive activity in relation to other types of economic exploration of the land. 1 The first hypothesis has already been examined by Bacha (2004a) , but the second one has not. Therefore, the present article expands the analysis of the former paper, focusing only on the use of native forests and broadening the discussion of policies that enable balance between economic growth and the sustainable use of native forests.
This paper is made up of five sections, including this introduction. Section 2 discusses the importance of native forests to a country, justifying the maintenance of a certain amount of forest coverage into the country. Section 3 analyzes the evolution of deforestation in Brazil, discussing its causes and examining how it has developed differently from one Brazilian region or state to another. Section 4 contains an analysis of the evolution of the forest policy for the control of deforestation in Brazil and its theoretical background, showing how the destruction of native forests is connected with the style of development adopted by the country, which in turn is based on the main economic framework in course each period of time. It is emphasized that every time the forest policy was concerned only with the purpose to control and regulate deforestation and did not create monetary reward to preserve and conserve the native forests in a way that would be profitable to their landowners. Therefore, Section 4 proves the two hypotheses outlined above. To conclude the article, Section 5 discusses some policies that could be adopted to enable balance between economic growth and the sustainable use of native forests.
-The importance of forests to a nation
Forests can be used to produce ecological benefits (that are not always necessarily tradable), as a source of ecotourism and also to produce forest commodities.
According to Camino (1999, p. 101) , "non-market ecological benefits produced by forests include carbon storage and fixation from the atmosphere, preserving water resources and watersheds, protecting species with pharmaceutical values, and regulating the climate." These services are provided free of charge; but if a charge could be applied, the revenue derived from native forests would increase substantially. According to Camino (1999, p.101-102) (Dourojeanni, 1999, p. 90) . In Brazil, there are now farms dedicated to ecotourism.
Tradable forest-based products are divided into two groups: a) wood and paperbased products; b) non-wood-based products (Simula, 1999, p. 197) . The first group includes: 1) low-processed goods such as firewood, charcoal, roundwood and wood chips; 2) Products resulting from the first industrial handling of roundwood, such as lumber, wooden panels, cellulose and paper; and 3) More elaborate and added-value products such as: lumber for construction, furniture, paper products and cardboard.
Non-wood-based forest products "include a wide range of items from medicinal and aromatic plants to nuts, fruit, resins, tannin, wax and handcraft products" (Simula, 1999, p. 200) .
The importance of forests, as outlined above, has led many countries to make efforts to avoid losing them or to restore them. According to the FAO (2010), Canada FAO, 2010) .
It could be imagined that Brazil has an above average forest coverage in comparison with other countries, which could account for this loss of native forests.
Indeed, in 2010, 61% of Brazilian territory was covered with forests (FAO, 2010).
However, a high percentage of forest coverage can also be found in other countries that did not lose their forest coverage. In 2010, 65.5% of Finland was covered with forests.
Sweden had 62.6% and Japan had 66.1% of their territories covered with forests. Even countries that are less developed than Brazil maintain a high percentage of forest coverage, such as French Guyana (96.3%) and Surinam (90.4%).
It could also be claimed that forests have no economic importance for Brazil. This is also incorrect. Wood-made products accounted for 8.7% of Brazilian exports in 1999, and were directly and indirectly responsible for 1.8 million jobs (Bacha, 2001 ).
From the above information, one can see that forests are not used in Brazil in such a way as to maximize their possible economic and environmental benefits. In order to understand this process, it is important to make a historical analysis of how deforestation in Brazil has taken place.
-The evolution of deforestation in Brazil
Brazil has destroyed its native forests throughout all of its economic development rather than only recently. Although most attention is currently paid to the This loss of forest resources could be considered normal for a country that is expanding its farming, industry and urban areas. However, the intensity of the process, the way it has been carried out, the forecasts of further deforestation and no guarantee that the remaining forests will be used sustainably (or that they will not be chopped down in the future) are in absolute contrast with the importance that forests have to an economy.
Deforestation has different paces from one Brazilian state to another. Tables 1, 2 and 3 show the shares of the Brazilian states' surfaces that were covered with forests or other native vegetation in selected years. The data in these tables permit the following conclusions:
a) The Southern and Southeastern states were the ones that have lost more forest coverage ( b) The Northeastern states saw great changes in their natural coverage in the 1970s and 1980s (Table 3 ). This process has not been widely reported in the literature.
c) The states that make up the Legal Amazon region still have widespread forest coverage. However, there has been intense deforestation in some of these states, d) The aggregate deforestation at the state level does not reveal the inequality of this phenomenon within each state. For instance, in the Legal Amazon, "many districts and towns have already seen deforestation levels of over 50% and some have reached levels similar to those of the rainforest" (Viana, 2002. p. 1) .
Deforestation has taken place in a disorderly manner. The richness of the native forest has mostly been burnt, without the wood being put to good use. Ecosystems have also been destroyed and can never be fully recovered. The abundance of land in Brazil, associated with the expanding transport system, has allowed increasing farming production in new frontier areas given over to crops, instead of making better use of already deforested land located in oldest deforested regions.
-Evolution and background of forest policy aiming to control deforestation
As emphasized in the introduction of this paper, the forest policy to control deforestation is an incomes policy that has been implemented through forest legislation.
The latter has been systematically in course since 1934, and has been gradually improved over time, but not completely enforced. According to Alencar et al. (2004. p. 13), "... Brazilian environmental legislation is currently one of the most sophisticated in the world and provides a potentially very efficient legal basis for the occupation of new frontiers in an orderly manner and a reduction in deforestation, especially when it is illegal and inadequate". However, as showed in section 3, deforestation is not reducing and new frontiers have not been orderly occupied. Then, why is not the forest legislation is completely enforced in Brazil?
During colonial and imperial periods, Brazil's central governments were concerned with disciplining deforestation to avoid wasting logs that could be of interest to the Portuguese Crown or the sovereignty of the nation or to avoid scarcity of roundwood in the future. These factors account for a number of acts aimed at disciplining the use of native forests and a central government monopoly of the trade of some types of logs (see Castro, 1975; Zaniolo, 1988; and Azeredo, 1988) . Nevertheless, the expansion of farming led to a great deal of deforestation in areas close to the Brazilian coast.
The building of houses in Brazil was the fruit of the Portuguese heritage, and since the days of the colonial era, preference has been given to stone, bricks and sand as the main building inputs. Timber was not used very much for building houses.
Furthermore, the lack of knowledge concerning Brazilian trees led to the use of imported timbers. According to Zenid (1997, p. 16) , "despite the fact that there were wide areas of forest available and production of pine lumber had begun, the first two decades of the twentieth century were marked by the significant amounts of imported and processed lumber from the Northern hemisphere to meet demand in the cities of Rio de Janeiro and São Paulo."
-Time period from 1930 to 1964
The first broader set of acts to protect the Brazil's natural resources was issued during the 1930s. The great depression, coupled with the skepticism of the main Limits on the use of land within each farm, which would be divided into three areas:
one of them is free for exploitation, other is kept as forest reserve (at least 25% of each rural property area) and the third one is comprises of forests around rivers and waterways (riparian forests) and can not be exploited.
An obligation for rural landowners to request a prior license from the federal government forest bureau to exploit areas with native forests near to navigable rivers and lakes or railroads.
An obligation for large consumers of forest products (such as steelmakers and railroad companies) to maintain their own forests for sustainable supply of firewood or charcoal. This meant that these companies had to replace the native trees that they had cleared cut from the natural forest.
The creation of conservation units with a view to protecting certain ecosystems in areas undergoing rapid deforestation, including public wood forests (future national forests), parks and protective forests. The latter served to conserve the waterways, avoid land erosion by natural agents, fix dunes, help defend frontiers, ensure public health conditions, protect natural beauty spots and harbor rare species of native fauna. Note that only bans and obligations involving land use were created, but no monetary stimuli to encourage landowners to maintain native forests were established. Code. The reason for this lies in the way that the country was growing, with preference being given to industrial and urban activities, which required a certain amount of deforestation. To finance these activities, the state adopted exchange rate and taxation policies that transferred a share of potential farmer's income to industry (see Baer, 2001 ). Ensuring the expansion of farming (and the occupation of land previously covered with forests) was, within this developmentalist policy, an important element 4 , which explains why the federal government did not allocate resources to ensure compliance with the regulations of the 1934 Forest Code.
It is important to point out that during the 1940s, 1950s and 1960s, the main macroeconomic model backing the macroeconomic policy-makers was the Keynesian theory (today a part of the Neoclassical Synthesis). It divides the economy into five markets (product, money, bonds, labor and foreign currency exchange market), paying no attention to the role of natural resources within the economy.
The product market balance equation is:
Where Y is the GDP, C is private sector consumption, I is private sector investment, G is government expenditure, X refers to exports and M for imports.
Taking into account only the product market, the following developmentalist policies were coherent with this model:
New investments (increase in I) for the purpose of converting forest-covered land into farmland.
Increased government expenditure (increase in G) necessary to build new roads and power plants (leading to further deforestation).
Companies exploiting forests in an unsustainably way and obtaining more products to increase exports (X) or reduce imports (M). Concerning the latter, the exploitation of pine in the South generated foreign currency for the country through exports.
-Time period from 1965 to 1988
This period faced a new phase of acts to monitor and control deforestation, Northern and Central-Western regions; e) a requirement for all consumers (rather than the largest ones) of forest products to replace forests that they have exploited. In the early 1970s, criticisms of the previously dominant theory (the Keynesian one) concentrated on the lack of microeconomic bases in macroeconomic framework and the lack of rational expectations in the same framework. The new classic and new
Keynesian models arose to overcome these deficiencies, but they did not consider natural resources to be significantly relevant, the same applying to the Neoclassical Synthesis Model 8 . Natural resources were included in supply shock models (e.g., an exogenous oil price shock), which accounted for the stagflation that the developed countries faced during the 1970s (Blanchard, 2006 , chapter 7).
During this period (1970s and early 1980s) there were at least two attempts to incorporate natural resources into macroeconomic models. The first had to do with introducing natural resources into the neoclassical growth model. Stiglitz (1974) claimed that this model had no equilibrium, while Cigno (1981) proved that it has. The second was Sachs (1990) 's proposal that has used Michael Kalecki's growth equation to show how the rational use of natural resources can permit the product to increase.
However, neither of these two models was considered fundamental for policy markers when defining macroeconomic and sector policies.
-Period After 1988
In October 1988, the new Brazilian Constitution was drafted and approved, guaranteeing to the Brazilian states the right to legislate stricter rules than the Federal Government's regulation concerning forest resources. This enabled the Brazilian states to create their own forest legislation which, like the federal legislation, have mostly emphasized controls over deforestation. However, a new instrument was created to 7 SUDENE and SUDAM (Development Agencies for the Northeast and North Regions of Brazil, respectively) handled fiscal incentives programs during the 1970s and 1980s to promote economic growth in Northeast and North of Brazil in order to reduce inequality among the Brazilian regions. Among these projects were farming and livestock ones, conducting to more deforestation. 8 The Neoclassical Synthesis incorporated some of the criticisms of the New-classics to the constructions of the Keynesian Theory. reserve. In 1998 only 5.02% of these properties had one.
In 1998, only 7.04% of rural properties in Brazil had a legal reserve. Therefore, around 93% were legally responsible to replace it. In 1998, 39.8 million hectares were declared as a legal reserve. If on average properties in the North should have 50% of their areas given over to the legal reserve and 20% in other regions, there would have to be 111 million hectares of legal reserve (according to INCRA dataset). Therefore, 71.2 million hectares of arable farming land have to be transformed into legal reserves. On the whole, this is not impossible to achieve because 73.4 million hectares of arable farming land located inside the Brazilian farms was declared exploitable but was left unused in 1996. Therefore, all that has to be done is to plant forests in these areas in order to recuperate the legal reserve.
But this situation can vary from one region to another and implies an alteration in the technology used in farming to replace the legal reserve. Bacha (2004b) , But, why does a country with detailed and stricter forest legislation like Brazil could not achieve its goals? Basically, because these goals are not in tune with other developmentalist goals and policies, that have been adopted by policy-markers in power.
In the 1990s, Brazil adopted measures in line with the Washington Consensus (policies with a neo-liberal nature). These policies sought: a) fiscal discipline, redirecting public expenditure priorities to health, education and infrastructure; b) tax reforms; c) a flexible Exchange rate; d) a guarantee of property rights; e) deregulation of the some sectors that have been driven by the state; f) a reduction of the state's participation in production by privatizing state-owned companies; g) capital flow liberalization among the countries (see Baumann, 2000, p.13) . These reforms were to take place gradually, with item e thru g to be the first to achieve and the others following them.
Note that the Washington Consensus makes no reference to the preservation or conservation of natural resources. Indeed, some of its measures mean further destruction of natural resources in developing countries. Also note that the guarantee of property rights (item d), capital flow liberalization (item g) and flexible exchange rate (item c) in
Brazil would mean increased exports of minerals and agricultural commodities, due to
Brazil's comparative advantage in those products, resulting in further deforestation.
According to Prates (2008) , expanding production of these products would imply further deforestation of the Amazon Region, specially.
At the same time, the need to control the public deficit and the need to increase
Brazilian exports led to the weakening of public agencies that inspect the destruction of natural resources, such as forests. Thus, priority was given to activities that would increase exports, such as the expansion of farming in the Central-West and North, even though this would lead to more deforestation.
Natural resources had still not been given an important role in the mainstream macroeconomic models, despite being an important part of other economic models.
The main macroeconomic models in course after 1988 continued to be the Monetarist, the New-classical and the New-Keynesian ones, now paying more attention to long-term equilibrium, rates of unemployment (such as the Insider-Outsider model), nominal price rigidity (such as Menu Cost), real wage rigidity (Efficiency Wage and Labor Contract models) and economic growth models (Real Business Cycle Model).
Again, natural resources are not taking a significant importance in these models (Dornbusch et al, 2009, chapter 21; and Blanchard, 2006, chapter 26) .
However, in parallel with these mainstream macroeconomic models, a wide range of literature on sustainable development and sustainability has arisen (see Rocha, 1999, p.16-24) . This literature offered no consensus on how to achieve sustainable development, but it made an impact by raising awareness of economic policy-makers concerning the sustainability of economic development. And this is what explains the reformulation of the forest legislation, increasing the size of the legal reserve and transforming it from a forest reserve into a reserve for sustainable use. This literature on sustainable development also had an influence on the creation of the National Water
Resources Policy (Law # 9,433 issued on August 1 st , 1997). This normative act states that "water is a public domain commodity" (Article 1, paragraph I) and the National Water Resources Policy should "guarantee that current and future generations will have access to water of adequate standard and quantity for their respective uses" (Article 2.
paragraph I).
Efforts have been made to change how macroeconomic variables have been measured in order to calculate sustainable income. The latter is estimated by deducting the depreciation of natural resources and the environment from the conventional measures of income. Daly (1992) , Harrison (1992) and El Serafy (1992) propose different methodologies for calculating sustainable income. Some studies have been done for Brazil considering specific sectors (such as Motta & Young, 1991; and Bastos Filho, 1995) and have found that sustainable income is lower than the one obtained by the traditional System of National Accounts. Nevertheless, the values calculated by the System of National Accounts are the most frequently used when evaluating economies.
-Final considerations
From all that has been discussed until now, the hypotheses of this article have It is true that the preference for the developmentalist policies adopted over time can be accounted for the fact that interest groups dominated the agencies that formulated economic policy. But how change this situation? Five propositions can be considered.
The first would be to change the economic models on which macroeconomic policies are backed, giving priority to those that consider the rational use of natural resources, such as forests. So far, no widely accepted macroeconomic model has been developed that includes natural resources among its main macroeconomic variables (such as product, prices, interest rates, exchange rates, for example). Nevertheless, current models can be reworked to include natural resources as a variable that restricts aggregate supply curve.
Most of the macroeconomic aggregate supply curve models consider labor market equilibrium, taking a production function where the natural resources are not explained or appear to be added to the capital, for which there is no restricted use (see Branson & Litvack, 1981; and Dornbusch et al, 2009) . One alternative to clearly consider natural resources in these models is to include them in the production function alongside the labor and capital as production factors. Furthermore, one can consider that the cost of natural resources will increase as more they are used, because control policies limit their exploitation. Therefore, an aggregate supply curve that grows steeper at every point until it becomes totally vertical will take place.
The second possibility would be to focus on the control of deforestation not in terms of each farm but considering each Brazilian region. In this sense, ecological-economic zoning (EEZ) would be an alternative because it can define regions due to their economic aptitude and the ecological benefits that stem from the vegetation. By using this zoning, economic policies could differ from one region to another depending on how they are defined by EEZ.
EEZ on a nationwide scale in Brazil could define at least three areas: area for free exploitation, forest area for sustainable exploration and a share for preservation. To this end, one can consider the current experiments and proposals of EEZ in order to learn more about its positive and also its weaker points. There are some EEZ proposals for Brazil, such as the Planafloro in the state of Rondônia and a system of national forests in the Amazon Region (Veríssimo et al, 2000) . The Planafloro has not had satisfactory results, partially because federal policies do not adopt it. The National Forest proposal for the Legal Amazon (Flonas) has identified 1.15 million km 2 in the Legal Amazon (23% of the region) that are not protected areas and remain untouched, but have a high potential for wood. These areas, if transformed into national forests, will enable roundwood production in a sustainable system capable of meeting the demand for roundwood in the forest industry of the Legal Amazon and enable a rise of 60% in this industry's production capacity.
To adopt EEZ in Brazil, farming policy can differ from one region to another.
For example, if a certain region in the Amazon is given over to conservation or preservation of native forest resources, rural credits, minimum pricing of agricultural products and infrastructure for transport and storage should not be offered for farming activities. However, these services and products should be offered in areas where farming is already under way. To compensate some states and districts for preserving the forests and the environmental benefits, a special environmental allowance could be given when it comes to distributing federal taxes among the states. Similar to ICMS Ecologico System, states and cities would receive a larger share of national income tax revenue and taxes charged on industrial goods due to their preservation and conservation of native forests. To achieve this, the INCRA's files about farms could be used to compute how much of each city has given over to its legal reserve and permanent preservation in Brazil.
The third possibility is to make the enforcement of forest legislation more effective. This could be done without allocating a great additional amount of money to environmental agencies. All that is required is further integration of the information systems of federal agencies.
It has been claimed that greater enforcement can only be achieved with further financial and human resources for the agencies involved in establishing and enforcing Furthermore, when dealing with the Internal Revenue Service, the landowner has to declare his Rural Land Tax (ITR in Portuguese) and already income tax. The Rural Land Tax on the legal reserve is not charged and depends on how the land is being used.
If the landowner declares on his Land Tax form that he has a legal reserve (so that he can pay less tax) and does not declare it to the INCRA, this is a tax fraud. As a result, he will be automatically fined. Therefore, electronic inspections can be conducted and would be a powerful instrument to bring farmers into line when it comes to complying with forest legislation. To make this system workable, all that is required is an interconnection and exchange of information among federal public agencies. were native forests. The certification process facilitates the enforcement of forest
